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(57) Abstract

A method of detecting a first cow when mounted by a second cow is described. One or more beams of light are directed wholly
or substantially horizontally at one or more detectors, and at a level above the first cow and corresponding to the additional height of the
second cow when mounting the first cow, such that the mounting of the first cow by the second cow Wreaks one or more of the beams of
light to one or more of the detectors, and the or each detected break causes activation of an alarm means or a cow identification means or
both. Mounting is an indication to the farmer that the cow is ready for insemination, and the invention provides an automatic method of
alerting when a cow on heat, or immediately identifying a cow on heat, which is only activated as and when the cow allows herself to be

mounted. Preferably, two or more beams of light and two or more detectors are used, and the detectors work in partnership to coordinate
two or more differently located cameras to the location of breakage of the light beams.
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RETECTION QF ON-HEAT COWS

This invention relates to a method of detecting cows which are on-heat, and

apparatus therefor.

Milking cows are generally kept pregnant every year to maintain lactation. In
winter, the cows are kept in sheds. A cow's ovulation cycle is about three weeks, and
it is obviously important for inseminalion to cateh the cow at the right point of her

cycle.

When a cow is on-heat, she will"for 2 briefl perind alfow herself to be maunted
by another cow, similar ta acceptance of a bull. The mounting is therefore a clear

indication to the farmer that the cow is ready {ar insemination. However, the
infrequency and short duratian (usually only a few seconds) of mounting are such
that the mountmg will rarely coincide with the visits of the farmer o the cow shed. A
farmer cannot stand and wait all day for such occurrences.

Twao prior suggesied methads of defection involve either pressure sensors on

the cow’s rear, or a pressure sensor on the cow’s feet or on the floor to measure
activity or weighi differences. Howaevar, ordinary scratching by a cow of iis rear can
activate the first type of sensor, and in a cow shed with tens or hundreds of cows,
there is always significant movement of the cows ¢ausing constant activity and weight

differences.

US-A-5 128 548 digcloses a device primanly for ouldoor use for monitoring
and recording at a selected location the traffic of animals, people or moving objects,
such as vehicles, along a trail, passageway or roadway. |n particular, the device is
for detecting the prasence of a wild animal, i.e. a deer, at a remote location. The

davice i activated by an infrared beam between a transmitter and a receiver being
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hroken, For example, the transmitter and recaiver are mounied on and between two
opposed lraes, one on each side of the {rail, passageway or roadway., Memory
means are provided in electrical circuit with the transmitter and/or recetver for
recording time and date of instances of the beam being broken. The transmiiter is
programmed to select the particular incident to be recorded and to ignore ather
hreaks in the beam caused by, for example fallen leaves or running animals. A
camera can be mounted aimed at the monitored lacation to photograph the presence
of an animal when the beam is broken and recorded.

Accarding to one aspect of the present invention, there is provided a method
of detecting a firat cow when mounted by a second cow wherein one or more beams
of light are directed wholly or substantially horizontally at one or more delectors, and

at a level above the first cow and corresponding to the additional heigit of the second

Aaden, i
¥

—

cow when mounting the first cow, such that the mounting of the first cow by
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the second cow hreaks one or mare of the beams of light to one or more of the
detactors, and the or each detected break causes aclivation of an alarm means or a
cow identification means or both,
Thus the present invention provides an aulomatic method of alerting when a
s  cow on heat, andfor of immediately identifying a cow on heal, which is only aciivated
as and when the cow allows herself to be mounted. The alarm means and the cow
identification means could be used together either simultaneously or independently.

Any form or source of light capable of baing focused along a beam could be
used. Suttable forms of light beams include a laser and a light emitting diode

10 Where a single beam of light is used, the beamn may be stabionaty buit pass
over 2 relevant area above the cows. Prelerably the light beam scans an area, more
preférabiy by rotation. The heam may be rotaling constanily i one direction, or
reversibly rotaling across a sectot.

Where a pluralily of ight beams are uséd, the beams may again be

15 stationery, and arranged in parallel or in lwa or more different directions across a
relevant area. Alternatively, each light heam is rotating.

A plurality of light beams whose paths overiap, either simultaneously or
intermittently, turther providés directional information on the iocation of the relevant
cows. Any breaks in two or mare of the beams caused by one mounting avent may

-y not occur simultaneously, especially if (he beams are rotating. However, the multiple
beam breakage should still occur conlemporaneously for the same mounting event,

5o that lacational information on the relevant cows s still achievable.

The or each beam of light may alsa be'lransmiued constantly or
intermittently, e.g. pulsed. The frequencies of two or more bearns of iight may alse

s he different to assist delection ot which beatn or beams are betng broken by one

detector or neighbouring detectors, possibly using malched frequency detectors.

Furthermore, a plurality of rotating light beams with a phase angle

therebetween may be used.
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The or each deteclor may be located remote from the source(s) of light. Any

means for detecting the receipt of a beam of light is suitable, e.g. a photodiode. The

or each detector could be dedicated, umdirectional and/or be designed ta receive
only one hght frequency, or be of a more general nature, Alternatively, the or each
beam of light is reflected by one or more reflective means (o one or more detectors.
Such detector(s) could again be remote from the or each source of iight, or could be
near or adiacent to the hight source(s), possibie within the same hausing. The
reflective means could be discrele or continuous, and could compnise ong ar more
mirrors. or be a retroreflective stnp ot senes of discs able to refiect ight directly back
independent of the angle of incldence.

The alarm means could be an audio, visual or electromic signal adapted to
alert a farmer of mounting activity, 1o which he can then respond by visiting the cow
shed. #referably, lhe invention uses a cow identification means. The means for
identifying the cow on-heat could be an aclive or passive means, i.e. a means able
1o mark {he first cow or provide a mark able to identify the first cow for subsequent
detection by the farmar, or a means of remotely identifying the cow, €.9. on one ot
more cameras. The first cow could be identified from its freeze-brand ar other

normally apphed markiﬁg, or be marked with an a2dditional preferably photogenic
identifying mark such as video codlng.'Thé identification means may also be able to
identify the second mounting cow, if desired or necessary.

The identification means could be located remotely from the or each ight
beam or the or each detector, or‘ altematwvely near or adjacent therete Usmg one

or mare directable cameras as the identification means. such cameras generally

having different locations, should Increase the chances of positive identitcation of

ihe relevant first cow. Diffarent identiication means could be connected (o different

light beams. Altematively, the locational information from all the delected broken
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light beams could be centrally processed to singularly focus the, some or all of the
identification means towards the calculated mounting lncation.
According to one preferred embodiment of the present invention, two or mare

beams of kght and two or maore detectors are used, and the detectors work in

o"'

parinership to co-ordinate two or more differently located cameras 1o the location of
breakage ot the ight beams,

According to a second aspect of the present invenhion, there is prowded an
apparatus for detechng a first cow when mounted by a second cow. comprising one
or more beams of light, one or more hight datectors, and an alarmy means or a cow

L0 identification means, wheremn the or each heam of fighl is directed wholily or
substantially horizontally 3t ane or more detectors at a level above the frst cow and
correspanding to the additional height ot the second cow when mouriting the first
cow, such that the mouhtirtg of the first cow by the secoand cow Breaks ane or morg
of the beams of light, and the or each detected break causes activation of the alarm

1S  means or cow idenlification means or both.

The present invention could be used in relation to one cow to be detecled, or
simultancously for a small or large number of cows The relevant cows could be

particularly targeted, and possibly have their freedom of movement limited, or they

could bz allowed to roam over the area covered by the light beam(s} and detecior(s)
20 To cover a large number of cows, a number of light beams and detectars are
preferred to cover the relevant area.
According to a third aspect of the presernt invention, there is provided a
method of detecting a first cow when mounted by a second cow wherain 3 passve

sansor s directed whally or substantially horizontally a level above the first cow and

|
:}l

corresponding to the additional height of the second cow when mounting the first

cow, such that the mounting of the first cow by the second cow aclivates the sensor
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by altering the field of detection, and the sensor causes activation of an alarm means
or a cow identification means or both.
The passive sensct could be a passwve nfra-red sensor, similar to those
commonly used in room and outside secunty systems which activate on movement
5 within the field of detechon.
The present invention is applicable to all cows,. whether they be dairy cows.
beef cows or otherwise. 1t is equally applicable to other farm animals, such as pigs.

which are bred or inseminaled in a similar manner.

Embodiments of the present invention witl now be described by way of

{ example anly with reference to the accompanying diagrammatie; drawings 1n which.-
Fig. 1 is a side view of a first cow bemg mounted by a second cow:;
Fig. 2 is a plan view of 2 two lines of cattie stalis in a cow shéd;

Fig. 3 is a side view of one apparatus according (o the present invention, and

cow stails and cows,
R Fig. 4 is an enfarged side view of the apparatus in Fig. 3;
Fig. 5 is an image recorded by lhe camera in F1g. 4; and
Figs 6 and 7 are two alternative arrangements for the present invention.
Referring to the drawings, Fig. 1 shows a first cow 2 being mounted by o
second cow 4 simitar to mounting by a bult. The first cow 2 allows herself to be so
i mounted when she 1s on-heat. The mounting i1s a clear and ohvious signal that the
first cow 2 is ready for service, either nalurally or using artificial tnsemination.
Fig. 1 also shows two heighl dimensions. The height of the first cow when
standing. i.e. in & position to allow herseif to be mounted. is “"A”. A surtable additional
height of the mounting second cow 4 above the first cow is "B"

Fig. 2 shows a typical arrangement of two parailel ines of caitle stails 11 a

o

cow shed 5 There is a row of ingdividual catlie stalls & on each side. with o

perpendicular general run 8 in the muddfe. The stalls 6 ate where the cows test and
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sleep, and they are not usually wide enpugh or otherwise convenient for one cow o
mount another cow therewithin. Tha run 8 is the general mixing and walking area for
the cows and it is generally m1 the run 8 that mounting occurs.

Fig. 2 also shows three units 10 housing apparatus according to the present
mvention, spread along one back wall 12 of the shed 5. Also shown is the coverage
of ihe run 8 by the units 10. The unils 10 cover most of the 1un 8, and are intended
to be side-on to the ganeral direclion of the cows along the run 8 to achieve the
greatest view of the cows for belter and easier identification. On the opposile wall 14
and adjoining sides of the cow shed 5 are a sernes of wall mounted retroreflective
dises 16 able to return a beam of light al whatever angle recejved fram a unid 10
back to that unit 10.

Fig. 3 shows the first and second cows 2.4 of Fig. 1 head on In the run 8 of
the cow shed b in Fig. 2. Also shown s a unit 10 and catlle stalis b.

Fig. 4 shows the contents of the unit 10 in detail. The untt 10 houses a laser
20 and an almost co-axial photo-detector 22 at an upper end, and a video camera 24
at a lower end a5 a cow identification means. In between are upper and lower
aligned co-axial mirrgrs 26.27 respectively, which are rotatable on the shaft of an
attached motor 28. The laser 20 creates a beam of light 30 which s reflected by the
upper mirror 26 to travel through a cutaway 32 in the unit 10 and across the cow

shed 5 whblly or substantially horizontally al a level corresponding to the additionat
height of the second cow 4 when mounting the first cow 2 (B Fig. 1).

The light heam 30 is refiected back to the unit 10 by the retrorefiective discs
16, and the refiected beam is reflected back by the rotating upper mirror 26 to the
delector 22. The heam 30 will naturally broaden over distance, such that the
detector 22 15 able to see the edge or penumbra of the beam 30,

In use. the motor 28 rotates both mirrors 26, 27 aither continuously ar in an

arc corresponding {0 the desired area of cover. Continuous rotation could cover
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360". An arc of rotation could be 180° if one untt 10 was used to cover an area from
a side wall. In lhe present cow shed 5, the angle of rotation is about 90°, as shown

in Fig. 2. Alternatively, the mirrors 26.27 are continuously rotated, but non-refiection

of the beam 30 (and hence non-tdetection Dy the detector 22) when rotating withm

(he housing is accounted for.

The rotating upper mirrar 26 sends out and reflects the laser beam of light 30,
which if it is not broken by any mounting cows, is reflected back to the detector 22
by the retrorefiective discs 16. The detector 22 takes account of the breaks in
received light becatuse the retrorefleciive discs 16 are discrete.

Where the second cow 4 mounts the first cow 2 as shown in Fig, 3, the light
bheam 30 is broken, and no return heam ts received by the detector 22. The detector
22 then activates the video camera 24 to view and preferably record the event. The
activation may be continuous from the detected break, or time delayed or sequenced
to fit with rotation of the light beam 30 where broken. The camera 24 could possibly

be activaled after the beam 30 is detected as broken two or three times at e same

naint of rotation, to provide confirmation of mounting and avoid any briet andfor

accidental beam beeaks for other reasons.

The video camera 24 maintains aligniment with the direction ot the ight baam

30 via the co-axial lower mirror 27. The lower mirror 27 is angled so as o view the
narticular area of interest, i.e. the levet of the first cow 2 in the un 8. Some or all of
the second cow 4 may also be seen by the camera 24, and a typical image 15 shown
in Fig. 5.

The cows 2, 4 may have identificalion marks 32 on their sides to heip
increase their identification to the farmer. The image may include recordal of the
time to telp confirm the timing of the cow's ovulation. A cow is on heat for an

average of eight houts, bul if can be as short as only two hours, Such a period could
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well be in the middle of the night when the farmer Is uniikely 1o be present to see any

mountings.

Once the laser beam 30 is re-detected by the deteclior 22, or after a set time

period, the camera 24 IS deactivated.

The video camera 24 sighal could be played live on a screen remate from the
cow shed 5, e.g. in the farm kitchen. Preferably, the video camera images could he

stored for viewing at a later time: convenient to the farmer. The images cuuid also be
processed by suitable electronics to provide a more viewable recording. The video
camera{s) could also be used as a generat surveillance system i the cow shed.
independently of any mounting detection system.

Fig. 6 schematically shows another alternative arrangement of the present
invention. In this arrangement, multiple ight beams are provided by a row of light
emitting dipdes (LEDs) 40 mounted along a strip 42, possibly 50cm apart. The strip
42 is located along one side of a cow area 44, comprising aigned cubicles 46 on
each side and a central run 48. The slrip 42 is aiso located at a height

corresponding 1o the additional height ot a second cow on a first cow. The LEDs

could include a directionat lens to focus their beams fowards the detectors.

On the oppoasing side of the ¢cow area 44, are a row of maiching photodiodes

50, each heing the detector for the opposing LED. The ight heams transmilied by
the LEDs could be individualistic, eg. by altering the {requency of each beam. The
light beams could also be puised, 2.9. serally, or dtherwise non-continucus, so that
the arrangement could distinguish between rapid beam breaks e.g. by birds, and
longer beam breaks by the cows. The igentfication means could be as described

above

Fig. 7 shows a second altemative arrapgement, again using scanming lasers

and a series of ratrorefleclive discs 52 arocund the cow shad 53, smilar {o those in

Fig. 2. In Fig. 7, two scanning lasers S4a and 54b are used. rotated within a suitable
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housmg with neighbouring detectors, similar to the arrangement shown in Fig. 4. In
(his way, locational inforimation of a mounting event is possible, based on a
comparison of the times and angles of the detected bioken hght beams by the
detectors.

in this arrangement, the identification means is two or more independent and
directable video cameras 56 mounted al a sigmficant height above the general cow
level. Each carmera has motarisad two dimensional movement so 2s to be able to
pan and tilt, and is this able to view the enlire rejevant area. Their movement could
be controlied by a remote control processor, €.q. a computer, to provide multiple
views oOf the relevant cows, and hopelfully therefore better kientificauon of the

mounted cow. Each camera may &isa have a zoom ens.

In use, a first cow 60 15 ounied by a second cow 62 in the cow shed 53
The beam of the first Iaspr 242 is broken, and the control processor notes the time
and angle of the beam at this point. Simdady, the control processor notes the time
and angle of the beam of the second laser 54b when it too is broken by the mounting
event. Distending the broken beam angles from the locations of the lasers 54a and

54h provides the point of Intersection where the mounting event must be occurring 1n

the cow shed 53. The control processor can then direct the remete camergag 58 to

aim1 and focus on the point of Intersection.

ln a busy cow shed and/or with many cows moving about, it is possible that
some mountirggs may be missed, 2.9, when behind another mounting cow, or the
lower cow cannot be seen for other cows in the way. However, as a cow usually

allows herself to be mounied several times over the relevant period, it is expectad

that at least one of the mountings will be detected and provide a clear image of the

lawer cow.

The present invention provides a convement method of detecting a cow on-

heat without involving the farmer. Tha apparatus required is ssimple and easy to
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install in areas housing cows. The apparatus can be located above the normal height
of the cows so thal they cannot damage it. The method is also non-intrusive,
Variations and modifications can be made without departing irom the scope of

the invention describbed above and as cdlaimed herainafter.
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CLAIMS

1. A method of detecting a first cow when mounted by a second cow wherein
one or more beams of light are directed wholly or substantially horizontally at
one or more detectors, and at a level above the first cow and corresponding to
the additional height of the second cow when mounting the first cow, such that
the mounting of the first cow by the second cow breaks one or more of the
beams of light to one or more of the detectors, and the or each detected break

causes activation an alarm means or a cow identification means or both.

2. A method as claimed in Claim 1 wherein the or each beam of light is
provided by a laser or a light emitting diode.

3. A method as claimed in Claim 1 or Claim 2 using a plurality of stationery
light beams.

4. A method as claimed in Claim 1 or Claim 2 wherein the or each light beam
rotates.

5. A method as claimed in Claim 4 using a plurality of rotating light beams
with a phase angle therebetween.

6. A method as claimed in any one of Claims 3 to 5 using a plurality of light
beams wherein the detected breaks from two or more detectors are co-
ordinated to provide locational information of the first and second cows.

7. A method as claimed in any one of Claims 1 to 6 wherein the or each
detector is remote from its associated beam of light.

8. A method as claimed in any one of Claims 1 to 7 wherein the or each
detector is near to or adjacent its associated beam of light.

9. A method as claimed in any one of Claims 1 to 8 wherein one or more

beams of light are reflected prior to reaching one or more detectors.

10. A method as claimed in any one of Claims 1 to 9 using a cow
identification means, wherein the identification means is located remotely from
the or each light beam or the or each detector.
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11. A method as claimed in any one of Claims 1 to 9 using a cow
identification means, wherein the identification means is located near to or
adjacent the or each light beam or the or each detector.

12. A method as claimed in any one of Claims 1 to 11 wherein the cow

identification means includes one or more cameras.

13. A method as claimed in Claim 12 wherein the or each camera is directed
to the first and second cows, independently of the direction of the or each light

beams.

14. A method as claimed in any one of Claims 1 to 13 wherein the first cow
has an identifying mark.

15. A method as claimed in any one of Claims 1 to 14 wherein two or more
beams of light and two or more detectors are used, and the detectors work in
partnership to co-ordinate two or more differently located cameras to the
location of breakage of the light beams.

16. A method of detecting a first cow when mounted by a second cow
wherein a passive sensor is directed wholly or substantially horizontally a
level above the first cow and corresponding to the additional height of the
second cow when mounting the first cow, such that the mounting of the first
cow by the second cow activates the sensor by altering the field of detection,
and the sensor causes activation of an alarm means or a cow identification
means or both.

17. Apparatus for identifying a first cow when mounted by a second cow, the
apparatus comprising at least one means for emitting a beam of light and at
least one light detector, the light beam emitting means adapted to emit said
light beam for detection by said light detector at a height greater than the
height of the first cow but less than the height of the second cow mounting the
first cow; the apparatus further comprising alarm means and cow identification
means, one or both of which are activated by breaking of the light beam.

18. Apparatus according to Claim 17, in which more than one light beam
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emitting means are used each of which is fixed to provide a light beam along

a fixed path.

19. Apparatus according to Claim 17, in which the or each light beam emitting

means is rotatable to scan its light beam across a horizontal arc.

20. Apparatus according to any one of Claims 17 to 19, including cow

identification means in the form of one or more cameras.
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